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Description 



[BACK LIGHT MODULE AND LIQUID 
CRYSTAL DISPLAY] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92107064, filed on March 28, 2003. 
Background of Invention 

[0002] Field of Invention 

[0003] The present invention relates to a back light module and a 
liquid crystal display. More particularly, the present inven- 
tion relates to a back light module that provides a colorful 
surface light source and a liquid crystal display that uses 
such a back light module. 

[0004] Description of Related Art 

[0005] To match the life style of modern people, video or imag- 
ing equipment is becoming lighter and slimmer. Although 
the conventional cathode ray tube (CRT) has many advan- 
tages, the design of the electron gun renders it heavy and 



bulky. Moreover, there is always some danger of hurting 
viewer's eyes due to the production of a little radiation. 
With big leaps in the techniques in manufacturing semi- 
conductor devices and opto-electronic devices, flat panel 
displays such as liquid crystal displays (LCD), organic 
light-emitting displays (OLED) and plasma display panels 
(PDP) have gradually become mainstream display prod- 
ucts. 

[0006] According to the light source, a liquid crystal display can 
be classified as belonging to one of three types: the re- 
flective LCD, the transmissive LCD and the transflective 
LCD. Using a transmissive or a transflective LCD as an ex- 
ample, the LCD mainly comprises a liquid crystal panel 
and a back light module. The liquid crystal panel com- 
prises a liquid crystal layer sandwiched between two 
transparent substrates. The back light module provides a 
surface light source to illuminate the liquid crystal panel 
for displaying some images. Note that both the reflective 
LCD and the transmissive LCD have a color-filtering film 
coated on the transparent substrate of the liquid crystal 
panel so that the liquid crystal display can have a full dis- 
play of colors. 

[0007] pig. 1 is a schematic cross-sectional view of a conven- 



tional liquid crystal display. As shown in Fig. 1, the liquid 
crystal display 100 is a thin film transistor liquid crystal 
display (TFT-LCD) comprising a back light module 110 
and a liquid crystal panel 120. The back light module 110 
is positioned behind the liquid crystal panel 120 with ref- 
erence to the user. The back light module 110 comprises 
a light-guiding plate 112, a linear light source 114 and a 
reflective holder 116. The light-guiding plate 112 is a 
wedge-shaped light-guiding plate having a light-incident 
surface 112a, a light-diffusing surface 112b and a light- 
emitting surface 112c. The reflective holder 116 is posi- 
tioned next to the light-incident surface 112a and the lin- 
ear light source 114 is enclosed within the reflective 
holder 116. The linear light source 114 is a lamp capable 
of producing a line of white light such as a cold cathode 
fluorescent lamp or a light-emitting diode array. Light 
from the light source 114 enters the light-guiding plate 
112 through the light-incident surface 112a. After diffu- 
sion and reflection at the light-diffusing surface 112b, the 
light travels to the light-emitting surface 112c. In other 
words, the light-emitting surface 112c provides a white 
surface light source for illuminating the liquid crystal 
panel 120. 



[0008] As shown in Fig. 1, the liquid crystal panel 120 comprises 
a thin film transistor (TFT) array substrate 130, a color- 
filtering substrate 140 and a liquid crystal layer 150. The 
liquid crystal layer 150 is sandwiched between the thin 
film transistor array substrate 130 and the color-filtering 
substrate 140. The thin film transistor array substrate 130 
has a plurality of thin film transistors (TFT) 132 thereon 
and each thin film transistor 132 corresponds with a pixel 
electrode 134. Each thin film transistor 132 furthermore 
comprises a gate 132a, a channel layer 132b, a source 
132c and a drain 132d. The gate 132a is connected to a 
scan line for turning on or turning off the channel layer 
132b. The source 132c is connected to a data line. When 
the gate 132a is coupled to a suitable bias, the channel 
layer 132b is switched to a conductive state. In the con- 
ductive state, any data related to the display of an image 
will be written into the pixel electrode 134 through the 
data line, the source 132c, the channel layer 132b and the 
drain 132d. In short, the thin film transistor 132 serves as 
a switch for controlling the state of each pixel electrode 
134 so that the desired image is displayed. 

[0009] | n addition, the color-filtering substrate 140 has a black 
matrix 142 thereon. The black matrix 142 exposes a plu- 



rality of lattice points on the surface of the color-filtering 
substrate 140. Each lattice point has a color-filtering film 
144 thereon. The color-filtering film 144 within each lat- 
tice point can be a red color-filtering film, a green color- 
filtering film or a blue color-filtering film, for example. 
Furthermore, the color-filtering films 144 for filtering dif- 
ferent colors can be distributed in various manners such 
as a mosaic, a triangular, a stripe or a four-pixel pattern 
within the lattice points of the black matrix 142. 

[0010] The color-filtering substrate 140 also has a common elec- 
trode 146 thereon. Through the driving action of the thin 
film transistor 132, liquid crystal molecules inside the liq- 
uid crystal layer 150 between the common electrode 146 
and the pixel electrode 134 are twisted. Furthermore, an 
alignment layer 148 over the common electrode layer 146 
and an alignment layer 136 over the pixel electrode 134 
are used to align the liquid crystal molecules inside the 
liquid crystal layer 150. 

[0011] a plastic sealant 152 bounds the thin film transistor array 
substrate 130 and the color-filtering substrate 140 to- 
gether. The cavity bounded by the thin film transistor ar- 
ray substrate 130, the color-filtering substrate 140 and 
the plastic sealant 152 holds the liquid crystal layer 150. 



In addition, a few spacers 154 may be introduced inside 
the cavity to maintain a constant cell gap between the thin 
film transistor array substrate 130 and the color-filtering 
substrate 140. Moreover, polarizing plates 160, 170 may 
be attached to the exterior surface of the thin film tran- 
sistor array substrate 130 and the color-filtering substrate 
140 respectively to display images. 

[° 012 ] Since the back light module 110 projects white surface 

light to the liquid crystal panel 120, light of various colors 
(for example, blue, red or green) must be produced 
through the color-filtering films 144 on the color-filtering 
substrate 140. In other words, full coloration in the liquid 
crystal display 100 mainly depends on the setup on the 
color-filtering substrate. 

[0013] However, the color-filtering films on the color filtering 
substrate require more steps to fabricate and hence in- 
crease the overall cost of producing a liquid crystal dis- 
play. Moreover, to prevent any non-planarity between the 
color-filtering films and the black matrix on the substrate, 
an over-coating is usually formed over the color-filtering 
films and the black matrix. The fabrication of this over- 
coating not only complicates the fabricating process of 
the color-filtering plate, but also increases the production 



cost. 

Summary of Invention 

[0014] Accordingly, one object of the present invention is to pro- 
vide a back light module capable of providing a full- 
colored surface light source so that a liquid crystal display 
using the back light module will become a full-colored 
liquid crystal display. 

[0015] a second object of this invention is to provide a full- 
colored liquid crystal display without the need to fabricate 
any color-filtering films so that the process of fabricating 
a liquid crystal display is very much simplified and the 
cost of producing the display is reduced. 

[0016] jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a back 
light module. The back light module comprises a surface 
light source, a light-shielding matrix and a fluorescent 
layer. The light-shielding matrix is formed on the surface 
of the surface light source. The light-shielding matrix has 
a plurality of lattice points that exposes the underlying 
surface light source. The fluorescent layer is formed 
within these lattice points. 

[0017] This invention also provides a liquid crystal display. The 



liquid crystal display comprises a back light module and a 
liquid crystal display panel. The back light module fur- 
thermore comprises a surface light source, a light- 
shielding matrix and a fluorescent layer. The light- 
shielding matrix is formed on the surface of the surface 
light source. The light-shielding matrix has a plurality of 
lattice points that exposes the underlying surface light 
source. The fluorescent layer is formed within these lattice 
points. The liquid crystal display panel is positioned over 
the back light module. 
[0018] According to one embodiment of the present invention, 
the surface light source of the back light module is pro- 
duced from a system comprising a light-guiding plate, a 
reflective holder and a linear light source. The light- 
guiding plate has a light-receiving surface, a light- 
emitting surface and a light-diffusing surface. The light- 
diffusing surface has a plurality of V-cuts. The reflective 
holder is positioned next to the light-receiving surface 
and the linear light source is enclosed within the reflective 
holder. The linear light source is a cold cathode fluores- 
cent lamp or a light-emitting diode array, for example. In 
addition, the surface light source of the back light module 
can be a cold cathode fluorescent flat lamp, for example. 



[0019] According to another embodiment of the present inven- 
tion, the fluorescent layer on the surface of the surface 
light source of the back light module comprises of a plu- 
rality of first fluorescent-based material, a plurality of 
second fluorescent-based material patches and a plurality 
of third fluorescent-based material. The first fluorescent- 
based material is capable of converting the light from the 
surface light source into a first color such as blue. The 
second fluorescent-based material is capable of convert- 
ing the light from the surface light source into a second 
color such as red. The third fluorescent-based material is 
capable of converting the light from the surface light 
source into a third color such as green. Furthermore, the 
first fluorescent-based material, the second fluorescent- 
based material and the third fluorescent-based material 
can be arranged to form, for example, a mosaic, a trian- 
gular, a stripe or a four-pixel pattern. 

[0020] | n one embodiment of the present invention, the surface 
light source is capable of providing a first color such as 
blue. The fluorescent layer is positioned inside some of 
the lattice points of the light-shielding matrix. The fluo- 
rescent layer on the surface of the surface light source of 
the back light module comprises a plurality of first fluo- 



rescent-based material and a plurality of second fluores- 
cent-based material. The first fluorescent-based material 
is capable of converting the light from the surface light 
source into a second color such as red. The second fluo- 
rescent-based material is capable of converting the light 
from the surface light source into a third color such as 
green. Furthermore, the first fluorescent-based material, 
the second fluorescent-based material and the lattice 
point without a fluorescent layer can be arranged to form, 
for example, a mosaic, a triangular, a stripe or a four- 
pixel pattern. 

[0021] According to one embodiment of the present invention, 
the liquid crystal display panel comprises an array sub- 
strate, an opposite substrate and a liquid crystal layer. 
The opposite substrate is positioned over the array sub- 
strate. The liquid crystal layer is sandwiched between the 
opposite substrate and the array substrate. The array sub- 
strate is a thin film transistor array substrate, for exam- 
ple. The thin film transistor array substrate has a plurality 
of array thin film transistors on an interior surface and a 
plurality of pixel electrodes that correspond with the thin 
film transistors. The opposite substrate has a common 
electrode layer on an interior surface. 



[0022] The interior surface of the thin film transistor array sub- 
strate additionally has a first alignment film that covers 
the thin film transistors and the pixel electrodes. Further- 
more, the interior surface of the opposite substrate has a 
second alignment film that covers the common electrode 
layer. The first alignment film and the second alignment 
film are used for orienting the crystal molecules inside the 
liquid crystal layer. 

[0023] | n one embodiment of the present invention, the liquid 

crystal display panel comprises a bottom substrate, a top 
substrate and a liquid crystal layer. The top substrate is 
positioned over the bottom substrate. The liquid crystal 
layer is sandwiched between the top substrate and the 
bottom substrate. The bottom substrate has a plurality of 
first stripe electrodes and the top substrate has a plurality 
of second stripe electrodes. The first stripe electrodes ex- 
tend in a direction perpendicular to the second stripe 
electrodes. 

[0024] ^ addition, the interior surface of the bottom substrate 
has a first alignment film that covers the first stripe elec- 
trodes and the interior surface of the top substrate has a 
second alignment film that covers the second stripe elec- 
trodes. The first alignment film and the second alignment 



film are used for orienting the liquid crystals inside the 
liquid crystal layer. 

[0025] According to the embodiment of the present invention, 

the liquid crystal display panel additionally includes a first 
polarizing plate and a second polarizing plate to display 
images. Furthermore, an optical film plate such as a prism 
plate is also inserted in the space between the liquid crys- 
tal display panel and the back light module. 

[0026] | n the present invention, a fluorescent layer is formed on 
the surface of a surface light source inside a back light 
module so that light of various colors are emitted from 
the surface light source. Moreover, after incorporating the 
full color back light module and the liquid crystal display 
panel together, there is no need to use a color-filtering 
film so that the process of fabricating a liquid crystal dis- 
play panel is simplified and the overall cost of producing 
the display is lowered. 

[0027] | t j S to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 
the invention as claimed. 
Brief Description of Drawings 

[0028] The accompanying drawings are included to provide a 



further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0029] pig. 1 is a schematic cross-sectional view of a conven- 
tional liquid crystal display. 

[0030] pig. 2 is a schematic cross-sectional view of a back light 
module according to one preferred embodiment of the 
present invention. 

[0031] Figs. 3A to 3D are a series of pattern arrangement for a 
plurality of fluorescent-based material according to one 
preferred embodiment of the present invention. 

[0032] Fig. 4 is a schematic cross-sectional view of a back light 
module according to another preferred embodiment of 
the present invention. 

[0033] Fig. 5 is a schematic cross-sectional view of a liquid crys- 
tal display according to one preferred embodiment of the 
present invention. 
Detailed Description 

[0034] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 



possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0035] pig. 2 is a schematic cross-sectional view of a back light 
module according to one preferred embodiment of the 
present invention. As shown in Fig. 2, the back light mod- 
ule 200 comprises a surface light source 210, a light- 
shielding matrix 220 and a fluorescent layer 230. The 
surface light source 210 furthermore comprises a light- 
guiding plate 212, a linear light source 214 and a reflec- 
tive holder 216. The light-guiding plate 212 is a wedge- 
shaped light-guiding plate having a light-receiving sur- 
face 212a, a light-diffusing surface 212b and a light- 
emitting surface 212c. The light-diffusing surface 212b 
has a plurality of V-cuts (that can be seen in area A of Fig. 
2). The reflective holder 216 is positioned next to the 
light-receiving surface 212a and the light source 214 is 
enclosed inside the reflective holder 216. The linear light 
source 214 is a lamp that provides a beam of white light 
such as a cold cathode fluorescent lamp (CCFL) or a light- 
emitting diode array. Light from the light source 214 en- 
ters the light-receiving surface 212a of the light-guiding 
plate 212. After diffusion and reflection by the light- 



diffusing surface 212b, the light emerges from the light- 
emitting surface 212c. In short, the light-emitting surface 
212c provides a white surface light source for subsequent 
illumination. 

[0036] The light-shielding matrix 220 is a black matrix posi- 
tioned on the light-emitting surface 212c of the light- 
guiding plate 212, for example. The light-shielding ma- 
trix 220 has a plurality of lattice points that exposes the 
underlying light-emitting surface 212c. The fluorescent 
layer 230 is formed within these lattice points. In fact, the 
fluorescent layer 230 comprises of a plurality of first fluo- 
rescent-based material 230a, a plurality of second fluo- 
rescent-based material 230b and a plurality of third fluo- 
rescent-based material 230c. The first fluorescent-based 
material 230a is capable of converting the light from the 
surface light source 210 into a first color such as blue. 
The second fluorescent-based material 230b is capable of 
converting the light from the surface light source 210 into 
a second color such as red. The third fluorescent-based 
material 230c is capable of converting the light from the 
surface light source 210 into a third color such as green. 
In other words, through the three fluorescent-based ma- 
terials, the surface light source 210 is able to emit three 



primary colors and equips the back light module 200 with 
the capacity to produce colors. 

[0037] pigs. 3A to 3D are a series of pattern arrangements for a 
plurality of fluorescent-based material according to one 
preferred embodiment of the present invention. As shown 
in Figs. 3A to 3D, the first fluorescent-based material 
230a, the second fluorescent-based material 230b and 
the third fluorescent-based material 230c can be ar- 
ranged, for example, into a mosaic pattern (as shown in 
Fig. 3A), a triangular pattern (as shown in Fig. 3B), a stripe 
pattern (as shown in Fig. 3C) and a four-pixel pattern (as 
shown in Fig. 3D). 

[0038] pig. 4 is a schematic cross-sectional view of a back light 
module according to another preferred embodiment of 
the present invention. In the aforementioned embodiment, 
the back light module has the capacity to provide a full- 
color surface light source through the fabrication of a flu- 
orescent layer containing different types of fluorescent- 
based materials. Hence, white light is converted into dif- 
ferent colors. However, the surface light source is not lim- 
ited to white light. For example, the linear light source 
2 14 in Fig. 4 may produce light of a particular color such 
as blue. Hence, the surface light source 210 now emits 



blue light instead of white light. Note that the fluorescent 
layer 230 is formed within some of the lattice points of 
the light-shielding matrix 220 only. The fluorescent layer 
230 comprises a plurality of first fluorescent-based mate- 
rial 230b and a plurality of second fluorescent-based ma- 
terial 230c. The fluorescent-based material 230b is capa- 
ble of converting blue light into another color such as red. 
Similarly, the fluorescent-based material 230c is capable 
of converting blue light into yet another color such as 
green. For those lattice points without any fluorescent 
material, the blue light from the light source is able to 
penetrate through unhindered. Obviously, the first fluo- 
rescent-based material 230b, the second fluorescent- 
based material 230b and the lattice points not having any 
fluorescent material can be arranged to form, for exam- 
ple, a mosaic pattern, a triangular pattern, a stripe pattern 
or a four-pixel pattern. Since the surface light source is 
designed to emit a single color, one type of fluorescent- 
base material inside the lattice points is saved. Hence, the 
cost of producing the back light module is reduced. 
[0039] | n addition, the surface light source 210 as shown in Figs. 
2 and 4 is produced by matching the linear light source 
214 with the light-guiding plate 212. However, anyone 



familiar with the technologies may directly use a cold 
cathode fluorescent flat lamp (CCFFL) instead. In this case, 
a fluorescent layer with different types of fluorescent- 
based material is formed on the surface of the CCFFL to 
produce a full panel of colors. 
[0040] pig. 5 is a schematic cross-sectional view of a liquid crys- 
tal display according to one preferred embodiment of the 
present invention. Since the aforementioned back light 
module 200 is capable of producing a full-color surface 
light source, the back light module 200 finds applications 
within a transmissive or transflective type of liquid crystal 
display 300. 

[0041] The liquid crystal display 300 in Fig. 5 comprises a back 
light module 200 and a liquid crystal display panel 310. 
The liquid crystal display panel 310 is positioned over the 
back light module 200. The liquid crystal display panel 
310 furthermore comprises an array substrate 320, an 
opposite substrate 330 and a liquid crystal layer 340. The 
opposite substrate 330 is positioned over the array sub- 
strate 320 and the liquid crystal layer 340 is sandwiched 
between the array substrate 320 and the opposite sub- 
strate 330. 

[0042] The array substrate 320 is a thin film transistor array sub- 



strate having a plurality of thin film transistors (TFT) 322 
thereon and each thin film transistor 322 corresponds 
with a pixel electrode 324. Each thin film transistor 322 
furthermore comprises a gate 322a, a channel layer 322b, 
a source 322c and a drain 322d. The gate 322a is con- 
nected to a scan line for turning on or turning off the 
channel layer 322b. The source 322c is connected to a 
data line. When the gate 322a is coupled to a suitable 
voltage source, the channel layer 322b is switched to a 
conductive state. In the conductive state, any data related 
to the display of an image will be written into the pixel 
electrode 324 through the data line, the source 322c, the 
channel layer 322b and the drain 322d. In short, the thin 
film transistor 322 serves as a switch for controlling the 
state of each pixel electrode 324 so that the desired im- 
age is displayed. 
[0043] The opposite substrate 330 is a glass substrate or any 

substrate fabricated using a transparent material. The in- 
terior surface of the opposite substrate 300 has a com- 
mon electrode layer 332 thereon. Using the thin film tran- 
sistors 322 as driving devices, liquid crystal molecules be- 
tween the common electrode layer 332 and the pixel elec- 
trode 324 are twisted accordingly. 



[0044] Furthermore, the interior surface of the thin film transistor 
array substrate 320 has an alignment film 326 that covers 
the thin film transistors 322 and the pixel electrodes 324. 
The interior surface of the opposite substrate 330 also 
has an alignment film 334 that covers the common elec- 
trode layer 332. These two alignment layers 326, 334 ori- 
ents the molecules within the liquid crystal layer 340. In 
addition, a plastic sealant 342 bounds the array substrate 
320 and the opposite substrate 330 together. The cavity 
bounded by the array substrate 320, the opposite sub- 
strate 330 and the plastic sealant 342 holds the liquid 
crystal layer 340. In addition, a few spacers 344 may be 
introduced inside the cavity to maintain a constant cell 
gap between the array substrate 320 and the opposite 
substrate 330. Moreover, polarizing plates 350, 360 may 
be attached to the exterior surface of the array substrate 
320 and the opposite substrate 330 respectively to dis- 
play images. Furthermore, an optical film plate 370 such 
as a prism plate may also be inserted in the space be- 
tween the liquid crystal display panel 310 and the back 
light module 200. 

[0045] Both of the back light module in Fig. 2 and the back light 
module in Fig. 4 according to the present invention can be 



used to provide a full-color light source for a liquid crystal 
display. In addition, the back light modules can also be 
applied to an active matrix LCD as well as a passive matrix 
LCD. In other words, the electrode layer of the liquid crys- 
tal display panel is not limited to the combination of com- 
mon electrodes with pixel electrodes. The liquid crystal 
display panel of the present invention may be constructed 
using a top substrate, a bottom substrate and a liquid 
crystal layer between the two. The bottom substrate has a 
plurality of first stripe electrodes and the top substrate 
has a plurality of second stripe electrodes. The first stripe 
electrodes extend in a direction perpendicular to the sec- 
ond stripe electrodes. Furthermore, an alignment film is 
formed over the surface of these stripe electrodes. 
[0046] For example, the advantages of the back light module and 
the liquid crystal display using the back light module of 
the present invention include: 1. The back light module 
provides a full-color surface light source to a liquid crys- 
tal display directly. 2. The liquid crystal display uses a 
transparent substrate, an array substrate together with a 
back light module that provides a full-color surface light 
source. Since there is no need to fabricate film layers in- 
cluding the color-filtering film and the over-coating, the 



fabrication process is simplified and the production cost is 
reduced. 

[0047] It will be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of the present invention provided they fall 
within the scope of the following claims and their equiva- 
lents. 



